Background: The use of nanotechnology can ensure food security via improving crop production. Nanoparticles have the ability to enhance growth and yield of different plants such as fenugreek (Trigonella foenum-graecum) (Fabaceae). The present work aims to study the role of silver nanoparticles (AgNPs) on growth, some biochemical aspects, and the yield both quantitatively and qualitatively of fenugreek plant. AgNPs were synthesized by chemical reduction of silver nitrate with trisodium citrate. Results: Foliar application of AgNPs with different concentrations (20, 40, and 60 mg/l) improved the growth parameters of fenugreek plant (e.g., shoot length, number of leaves/plant, and shoot dry weight) and increased some biochemical aspects such as photosynthetic pigment (chlorophyll a, chlorophyll b, and carotenoids) and indole acetic acid (IAA) contents thus enhanced the yield quantity (number of pods/plant, number of seeds/pod, weight of seeds/plant, and seed index) and quality (carbohydrate%, protein%, phenolics, flavonoids, and tannins contents) of the yielded seeds as well as increasing antioxidant activity of the yielded seeds. Conclusion: The most effective treatment was 40 mg/l as it caused the highest increases in the studied parameters.
Introduction
Fenugreek (Trigonella foenum-graecum) is an annual herb that belongs to the family Leguminosae widely grown in Egypt and Middle Eastern countries. Due to its strong flavor and aroma, fenugreek is one of such plants whose leaves and seeds are widely consumed as a spice in food preparations and as an ingredient in traditional medicine (Abd Elhamid et al. 2016) . It is a rich source of calcium, iron, â-carotene, and other vitamins (Sharma et al. 1996) . Both leaves and seeds should be included in the normal diet of the family, especially diet of growing children, pregnant women, puberty-reaching girls, and elder members of the family, because they have hematinic (i.e., blood formation) value (Ody 1993) . Fenugreek seeds contain lysine-and L-tryptophan-rich proteins, mucilaginous fiber, and other rare chemical constituents such as saponins, coumarin, fenugreekine, nicotinic acid, sapogenins, phytic acid, scopoletin, and trigonelline which are thought to account for many of fenugreek presumed therapeutic effects. Fenugreek might inhibit cholesterol absorption to help to lower sugar levels (Bukhari et al. 2008) . In addition, all extracts of the fenugreek seeds (methanol, ethanol, dichloromethane, acetone, hexane, and ethyl acetate) exhibit antioxidant activity because of the phenolic acids and flavonoids. The phenolic compounds ranged from 1.35 to 6.85 mg/g, and the total flavonoids are in the range from 208 to 653 μg/g according to the extract type (Bukhari et al. 2008) . Furthermore, intercropping fenugreek with faba bean can reduce Orobanche crenata infection (Fernández-Aparicio et al. 2006 ).
Higher plants, as sessile organisms, have a remarkable ability to develop mechanism to perform better under suitable and unsuitable conditions. Nowadays, scientists/ researchers want to develop new techniques that could be suitable for plants to boost their native functions. Nanoparticles (NPs) are microscopic particles with at least one dimension less than < 1000 nm. For this, these particles are very attractive materials to handle in biological system. NPs are found to be very suitable in sensing and detection of biological structures and systems (Singh et al. 2008) . NPs show a promise in different fields of agricultural biotechnology (Majumder et al. 2007) . NPs have unique physicochemical properties and the potential to boost the plant metabolism (Giraldo et al. 2014) . Using different fertilizers are very important for plant growth and development, but most of the used fertilizers are rendered unavailable to plants due to many factors, such as leaching, degradation by photolysis, hydrolysis, and decomposition. Therefore, it is necessary to minimize nutrient losses in fertilization and to increase the crop yield through the exploitation of new applications with the help of nanotechnology and nanomaterials. Nano-fertilzers or nanoencapsulated nutrients might have properties that are effective to crops, release the nutrients on demand, control the release of chemical fertilizers that regulate plant growth, and enhance target activity (DeRosa et al. 2010 and Nair et al. 2010) . Agricultural application of NPs is currently an interesting area of interest for minimizing the use of chemical fertilizers and improves growth and yield of crops (Majumder et al. 2007; Lee et al. 2008; Siddiqui and Al-Whaibi 2014) . The introduction of nanoparticles into plants might have a significant impact, and thus, they can be used for agricultural applications for better growth and yield (Josko and Oleszczuk 2013) . However, a thorough understanding of the role of nano-sized engineered materials in plant physiology at the molecular level is still lacking (Khodakovskaya et al. 2011) whereas the mode of action of nanoparticles on plant growth and development is still too scarce. Plants under certain conditions were reported to be capable of producing natural mineralized nanomaterials necessary to their growth (Wang et al. 2001) . Seed germination provides a suitable foundation for plant growth, development, and yield (Siddiqui and Al-Whaibi 2014) .
AgNPs are currently the most produced engineered nanomaterials found in a wide range of commercial products (Davies 2009 ). AgNPs have been implicated in agriculture for improving crops. There are several reports indicating that appropriate concentrations of AgNPs play an important role in enhancing seed germination (Barrena et al. 2009; Shelar and Chavan 2015) and plant growth (Sharma et al. 2012; Kaveh et al. 2013; Vannini et al. 2013) , improving photosynthetic quantum efficiency and chlorophyll content (Sharma et al. 2012; Hatami and Ghorbanpour 2013) , and increasing water and fertilizer use efficiency (Lu et al. 2002) .
Therefore, the aim of this work is to study the effect of using AgNPs in enhancing growth, some biochemical aspects, yield quantity, and some nutritional values of fenugreek plant.
Materials and methods
Silver nanoparticles (AgNPs) were synthesized by the reduction of silver nitrate (AgNO 3 ) with tri-sodium citrate (Na 3 C 6 H 5 O 7 ·2H 2 O) according to the methods described (Kulkarni 2007 ) with little modification. Silver nitrate (510 mg) was dissolved in 500 ml distilled water and heated for 15 min at 75-80°C with continuous stirring at 7000 rpm on a magnetic stirrer. Then, 500 ml solution containing 300 mg of trisodium citrate was added slowly. The solution was kept at 75-80°C with continuous stirring for about 1 h. When the solution turned golden yellow (indication of silver nanoparticles), the reaction was stopped by adding ascorbic acid at 1.0 mg/l and the AgNPs were stabilized. Aggregation of AgNPs was not observed. Furthermore, reaction conditions and concentration of the reactants were adjusted in such way to ensure that no silver ions were left in the solution. The solution so prepared was used in experiments.
Seeds of fenugreek cv. Giza 30 were obtained from the Agriculture Research Centre (ARC), Ministry of Agriculture and Land Reclamation, Egypt. The seeds were grown in pots (diameter 30 cm in diameter) at two successive seasons (2014/2015 and 2015/2016) , filled with clay and sand with the ratio of 2:1. AgNP concentrations (0, 20, 40, and 60 mg/l) were sprayed after 30 and 37 days of sowing. Superphosphate (5 g/pot), potassium sulfate (2.5 g/pot), and urea (6 g/pot) were used for fertilization.
The pot experiment was conducted in the greenhouse of the Botany Department, NRC. The experimental design used was complete randomized blocks. Samples were taken after 60 days after sowing (DAS) to analyze the crop performance in terms of growth parameters, indole acetic acid (IAA), photosynthetic pigment (chlorophyll a, chlorophyll b, and carotenoids). Each treatment was replicated four times, and each replicate had three plants. Three healthy plants were left in each pot to determine the number of pods/plant, number of seeds/pod, weight of seeds/plant, and seed index (SI). Air-dried seeds were powdered and kept in desiccators for chemical analysis.
Photosynthetic pigments (chlorophyll a, chlorophyll b, and carotenoids) of fresh leaves were determined according to Moran (1982) . Indole acetic acid content was extracted and analyzed using the method of Larsen et al. (1962) . The seed powder was used to determine proteins, carbohydrates, phenolic, flavonoids, and tannins contents. Protein content was determined by micro-Kjeldahl method according to Miller and Houghton (1945) 
carbohydrates were determined colorimetrically according to the method of Dubois et al. (1956) . Total phenol content was measured as described by Danil and George (1972) . Total flavonoid contents were measured by the aluminum chloride colorimetric assay as described by Ordoñez et al. (2006) . Tannins were determined using the modified vanillin hydrochloric acid (MV-HCl) according to Brand-Williams et al. (1995) using the 1.1-diphenyl-2--picrylhydrazil (DPPH) reagent.
Statistical analysis
The results were statistically analyzed using the MSTAT-C (1988) software. The mean comparisons among treatments were determined by Duncan's multiple range test at 5 P ≤ 0.05 (Gomez and Gomez 1984) .
Results

Plant growth
The data presented in Table 1 shows the effect of different concentrations of AgNps on shoot length, number of leaves/plant, and shoot dry wt. of fenugreek plants.
Foliar application of fenugreek plants with different AgNP concentrations increased all these growth parameters as compared with the untreated plants. Data clearly revealed the gradual increase of shoot length, number of leaves/plant, and shoot dry wt. in response to increased AgNP concentrations from 0 to 20 and 40 mg/l. At 60 mg/l, the response decreased but still higher than the control. The highest response in all the growth criteria was obtained by using 40 mg/l AgNPs. Table 2 show the response of photosynthetic pigments of fenugreek leaves sprayed with different concentrations of AgNPs. The results revealed the significant increases in all photosynthetic pigment contents (chlorophyll a, chlorophyll b, carotenoids, and total pigments) in response to treatment with different concentrations of AgNPs. Increased AgNP concentrations resulted in a significant increase in photosynthetic pigments gradually up to 40 mg/l. Treatment with 60 mg/l decreased photosynthetic pigment contents, when compared with the other two lower concentrations, but still higher than the untreated control. The most effective treatment was 40 mg/l AgNPs as it gave the highest increases in all photosynthetic pigments. 
Photosynthetic pigments
Data in
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Yield and yield components
Results in Table 3 illustrate the behavior of fenugreek plant under the effect of foliar application of different concentrations of AgNPs on yield and yield components. Treatments showed that different concentrations of AgNPs increased yield components of fenugreek as compared with the control plant. The most effective treatment was also 40 mg/l of AgNPs.
Biochemical constituents of the yielded fenugreek seeds Table 4 demonstrates that foliar AgNP treatment of fenugreek plant led to marked increases in total carbohydrates% and protein% when compared with control plants; these increases reached maximum levels again at 40 mg/l AgNPs. Table 4 also shows the variation in antioxidant substances of the yielded seeds in response to spraying with different concentrations of AgNPs. Treatments caused significant increases in both total phenolic and flavonoids as well as tannin contents as compared with those of the control. Regarding antioxidant activity, foliar treatment with AgNPs with different concentrations caused significant increases in antioxidant activity of the yielded seeds of fenugreek plant.
Discussion
Data presented in Table 1 shows that foliar application of fenugreek plants with different concentrations of AgNPs increased all growth criteria (shoot length, number of leaves/plant, and shoot dry wt.) when compared with the untreated plants. More or less similar data were observed by Salama (2012b) who noticed that low concentrations of AgNPs had a stimulating effect on the growth of the common bean and corn plants. Latif et al. (2017) showed that AgNP foliar treatment with different concentrations increased growth parameters of the wheat plant. The induced growth increases caused by different AgNP concentrations especially at 40 mg/l might be due to the role of AgNPs in blocking ethylene signaling in fenugreek plant (Rezvani et al. 2012) . The impact of AgNPs on the morphology and physiology of plants depends on the size and shape of NPs. Syu et al. (2014) studied the effect of three different morphologies of AgNPs on physiological and molecular response of Arabidopsis and suggested that decahedral AgNPs showed the highest degree of root growth promotion (RGP); however, the spherical AgNPs had no effect on RGP and triggered the highest levels of anthocyanin accumulation in Arabidopsis seedlings. Moreover, Nghia et al. (2017) confirmed this positive effect of AgNPs. The results revealed the significant increases in all photosynthetic pigment contents (chlorophyll a, chlorophyll b, carotenoids, and total pigments) in response to treatment with different concentrations of AgNPs. This is in line with the results obtained by Farghaly and Nafady (2015) and Latif et al. (2017) who reported that AgNPs significantly promote photosynthesis and it is closely related to the change of nitrogen metabolism. Also, Racuciu and Creange (2007) reported that chlorophyll content of maize plants was increased with low concentration (10-50 μl/l) of AgNP treatment while it was found to be inhibited at higher concentrations of NPs. According to Govorov and Carmeli (2007) , metal nanoparticles can induce the efficiency of chemical energy production in photosynthetic systems. However, higher content of photosynthetic pigments, i.e., chlorophyll a, chlorophyll b, and carotenoids, would increase the rate of photosynthesis, due to which there was more production of photosynthesis process, which in turn increased the weight and growth of plant as it was observed in our study.
Spraying fenugreek plant with AgNPs showed that different concentrations of AgNPs increased the yield components compared with the control plant. The most effective treatment was 40 mg/l of AgNPs. Increase in yield by the application of nanoparticles has been postulated earlier. Silver is an excellent growth simulator (Sharon et al. 2010) . Similar results of improving the role of AgNP treatments were obtained on mung bean by Najafi and Jamei (2014) and Razzaq et al. (2016) on wheat plant. These increases in yield and yield components might be attributed to the increases in growth parameters, photosynthetic pigments, and IAA of treated fenugreek plants.
Recently, Krishnaraj et al. (2012) found that biosynthesized AgNPs showed a significant effect on seed germination and induced the synthesis of protein and carbohydrate and decreased the total phenol contents of Bacopa monnieri. AgNPs increased plants' growth profile and biochemical attributes (chlorophyll, carbohydrate and protein contents, antioxidant enzymes) of Brassica juncea, common bean, and corn (Salama 2012a; Sharma et al. 2012) . The impact of AgNPs on the morphology and physiology of plants depends on the size and shape of NPs.
Conclusion
The present work demonstrated the effect of silver nanoparticles on fenugreek plant. Different concentrations increased plant growth, photosynthetic pigments, IAA contents, and yield quantity and quality. Among various concentrations used in the study, 40 mg/l AgNPs was the most effective treatment for the improvement in growth, biochemical parameters studied, and yield of fenugreek.
